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Abstract

Increased agricultural productivity in the Sahel will require widespread dif-
fusion of improved soil- and water-management practices that stimulate
growth in a sustainable way. Techniques such as tied-ridges, animal traction,
and fertilization can improve productivity but may not be viable unless used
together. Improved soil and water management is required to produce a more
fertile agronomic environment receptive to new high-yielding crop varieties
needed to greatly expand productivity. However, environmental conditions,
farmers’ resources, inability to make complementary investments that would
make such practices profitable, marketing channels, and institutional/policy
arrangements constrain adoption of these techniques. Adoption rates can im-
prove if new farming practices enhance soil and water conditions at modest
cost, reduce the risk of food and capital loss during poor weather years, and
relieve seasonal labor constraints. However, tandem improvements are neces-
sary in input and product markets, rural institutions, and policies to stimu-
late adoption by creating opportunities and incentives at the farm level.
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Summary

Much of the Sahel is locked in a vicious cycle of increased cultivation and
falling land fertility. Rapid population growth, a breakdown in traditional fal-
low lengths, slow technological advance, weak access to inputs, and local
institutions and policies worsen this cycle. Traditional low-resource agricul-
ture in the Sahel, based on labor-intensive cropping systems using few pur-
chased inputs, probably cannot stimulate food production fast enough to
meet the needs of a burgeoning population. While significant gains in agri-
cultural productivity in the Sahel are possible, they will require widespread
diffusion of improved soil- and water-management practices that stimulate
growth in a sustainable way. This report examines factors that have slowed
adoption of technology in the Sahel and identifies conditions necessary to
increase use of-those techniques.

Soil- and water-management techniques, including tied ridges, animal trac-
tion, dikes and bunds, and organic and chemical fertilization, can enhance
the agronomic environment for crop production. However, climate and soil
conditions, farm resources,-technology adoption criteria, input and product
market systems, and public and private institutional arrangements and poli-
cies impede widespread adoption of these techniques.

Improved soil and water management in the Sahel depends on modifying
existing techniques to fit the particular conditions of the region. New tech-
niques must stabilize farm returns or reduce the potential for loss because
most subsistence farmers are averse to risk. New techniques must reduce sea-
sonal labor demands or shift labor requirements from peak to slack periods
because of critical labor shortages during the crop production cycle. New
technologies must also be inexpensive because of credit constraints and lim-
its on cultivating higher valued crops in many dryland areas.

Widespread use of otherwise viable technologies depends on institutional
and policy conditions. These include a system of land rights that encourages
farmers to invest in land-conserving practices, a more efficient rural financial
system to disburse credit, and a means to improve demand for local coarse
grains. Technology adoption also depends on marketing channels that influ-
ence the availability of, and incentives to use, these techniques. Greater con-
sideration must also be given to macroeconomic policies that can stimulate
the development of a sustainable agricultural system.

Improved soil and water technologies may conserve the resource base, in-
crease and stabilize crop production, and be adopted given local resources.
None of these practices will ensure a harvest in a low-rainfall year, but they
could reduce the magnitude of loss.

An important benefit of improved soil- and water-management practices is
the increased scope provided for successful introduction of new high-yielding
crops. Dramatic gains in productivity in the Sahel require improved seed va-
rieties, which in turn require significant improvements in soil and water con-
ditions at the farm level. Improved resource management can promote pro-
ductive and sustainable agricultural systems compatible with the
intensification of land use that inevitably accompanies rapid population
growth.

iii



Technology and Agricultural Productivity
in the Sahel

Thomas S. Jayne*
John C. Day
Harold E. Dregne

Introduction

Sub-Saharan Africa is the only region in the world
where population growth rates have outpaced food
production growth rates over the past two decades.
Even by African standards, the Sahel region of West
Africa has registered particularly poor agricultural
performance because of periodic droughts, question-
able economic policies, and limited progress in de-
veloping farm-level technologies appropriate for the
region.

Development efforts for the Sahel need to give
greater attention to technical innovations compatible
with evolving environmental and social conditions.
The harsh climate and unpredictable weather create
especially difficult problems for both farmers and
policymakers.

Significant gains in agricultural productivity in the
Sahel, while possible, will require greater diffusion
of improved soil- and water-management practices.
Widespread adoption of such practices is difficult
because so much depends on the characteristics of
the specific technologies involved, farmers’
resources and goals, the socioeconomic institutions
in place, and governmental policies. This report fo-
cuses on factors that have slowed technology trans-
fer in the region and identifies conditions necessary
for transfer to occur more rapidly.

Characteristics of the Sahel

If agricultural productivity in the Sahel is to
improve, new technologies and related farm manage-
ment practices must be suited to the conditions in
the region. This section describes major physical,
climatic, and demographic features of the region.

* The authors are visiting assistant professor, Department of
Agricultural Economics, Michigan State University and visiting
lecturer, University of Zimbabwe; Economist, Economic Research
Service, U.S. Department of Agriculture; Professor Emeritus of
Soil Science, Texas Tech University.

Physical Characteristics

The Sahel region comprises the eight semiarid West
African countries grouped along the 14th parallel:
Senegal, The Gambia, Mauritania, Mali, Burkina
Faso, Niger, Chad, and Cape Verde (fig. 1). The is-
lands of Cape Verde are excluded from our discus-
sion because of their distinct demographic and envi-
ronmental character.

The Sahel encompasses over 2 million square miles,
about two-thirds the size of the continental United
States. Bounded by the Sahara Desert to the north
and by the more humid coastal countries to the
south, the Sahel’s climate does not differ dramati-
cally from surrounding countries. For example, the
climate in the Sudan and northern Nigeria is similar
to parts of the Sahel. Technology concepts discussed
in this report can also apply to those areas.

Less than 4 percent of the Sahel’s land is cultivated,
and 30 percent of the land is too dry for agriculture
(table 1). More extensive farming is restrained by the
region’s soils, water resources, terrain, vegetation,
climate, and demographics.

Soils

Sahelian soils vary north to south: mobile sand
dunes and gravelly pans in the hyperarid Sahara to
the north, deep sandy soils in the central semiarid
zones, and medium-textured soils in the low hills of
the subhumid regions to the south (21). The physical
and chemical properties of these soils restrain much
of the Sahel’s crop production.

Deep sandy soils dominate the plains, which make
up most of the central Sahel. These soils are moder-
ately to strongly acidic and have a low to moderate
phosphorus-fixation capacity. They have a low

! Italicized numbers in parentheses refer to literature citations
in the References section.



Figure 1

Principal countries of the West African Sahel
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Table 1—Land use in the Sahel

Country Total Land Cropland Permanent Forest Other Irrigated

area area Arable ' Permanent 2 Total pasture woodland land land 3
1,000 square kilometers
Total area in:
Burkina Faso 274.2 273.8 26.2 0.1 26.3 100.0 70.2 76.7 Neg.
Chad 1,284.0 1,259.2 31.5 Neg. 31.5 450.0 202.6 575.1 Neg.
The Gambia 11.3 10.0 1.6 NA 1.6 .9 2.0 55 3
Mali 1,240.0 1,220.0 20.5 Neg. 20.5 300.0 86.8 812.7 1.0
Mauritania 1,030.7 1,030.4 19.2 Neg. 19.2 392.5 151.3 484.6 A
Niger 1,267.0 1,266.7 35.6 NA 35.6 92.2 27.2 1,117 3
Senegal 196.2 192.0 52.3 Neg. 52.3 57.0 59.4 23.3 1.8
Total 5,303.4 5,252.1 169.5 .3 169.8 1,392.6 599.5 3,089.6 3.6
Percent
Share of area in:

Burkina Faso 5.2 99.8 9.5 Neg. 9.6 36.4 25.6 28.0 Neg.
Chad 24.2 98.0 2.4 Neg. 2.4 35.0 15.7 447 Neg.
The Gambia 2 88.4 14.1 NA 141 .8 17.5 48.8 3
Mali 234 98.3 1.6 Neg. 1.6 241 7 65.5 Neg.
Mauritania 19.4 99.9 4 Neg. Neg. 38.0 146 47.0 Neg.
Niger 23.9 99.9 2.8 NA 2.8 7.2 21 87.7 Neg.
Senegal 37 97.8 26.6 Neg. 26.6 29.0 30.2 11.2 A
Total 100.0 99.0 3.1 Neg. 3.2 26.2 11.3 58.2 Neg.

NA = Not applicable.

Neg. = Negligible.

' Land fit for cultivation.

2 Land in tree crops, such as cocoa, coffee, and rubber.
3 Irrigated land is also included in other categories.
Source: (29).

nutrient- and water-holding capacity, are low in or-
ganic matter (humus) content, and are highly perme-
able once wetted. Soils in the area, therefore, are
susceptible to water and wind erosion, crusting and
compaction of the surface, development of plow
pans (hard subsoil layer formed by plowing or other
tillage operations), and rapid runoff on all but the
sandiest soils. Fertility is low because of pro-
nounced deficiencies of nitrogen and phosphorous,
moderate deficiency of sulfur, and widespread toxic
amounts of aluminum and manganese. If there are
no plow pans, rooting depth seldom limits crop
growth because nearly all the soils are deep.

Three other kinds of soils are prominent in certain
parts of the Sahel: clays, stoney soils, and sand
dunes. Clay soils are extensive in southern Chad, in
closed basins, in many of the valleys with intermit-
tent streams (streams formed during rainy seasons),
and in the inland delta of the Niger River in Mali.
While the clays are potentially more productive than
the sandy soils, they are difficult to cultivate.

Ironstone, gravelly, and stoney soils are prominent
on the low hills, land surfaces worn from exposure
to the humid weather. These soils are infertile be-

cause of intense leaching (nutrients dissolving and

washing away) and are too stony to support row
crops. Stable and mobile sand dunes are common in
the northern Sahel. These soils are unproductive and
show little or no prospect as useful farmland (22).

Climate

Sahelian farmers must cope with harsh environmen-
tal conditions. Rainfall is a major determinant of
crop and livestock production. But the rainfall is
highly variable and unpredictable in location, tim-
ing, and amount. Table 2 presents rainfall, tempera-
ture, and evapotranspiration (water lost by evapora-
tion and plant use) data for three typical locations.

The Sahel experiences a distinct pattern of rainfall:
a summer wet season followed by a prolonged dry
season. If the rainy season arrives late or terminates
early, the growing season may be too short for crops
to mature. Crops will fail if rainfall is insufficient to
provide the moisture plants need. Subsistence farm-
ers with little capital, food, and resources cannot
afford to gamble on production practices that may
not pay off if the rains are not adequate. Given the
understandably high aversion to risk that most Sahel-
ian farmers exhibit, the variable and unpredictable
nature of rainfall is a major difficulty for farmers
and development planners.



Table 2—Climate in selected locations in Mali, average conditions over 37 years

Mean monthly data Mean Mean
Station Jan. Feb. Mar Apr May June July Aug. Sept. Oct. Nov. Dec. 12-month e;ang_:_Ja‘I atr;nntia I
total perature
. Millimeters
Mopti:
Rain 0 0 0 3 24 61 139 169 95 24 0 0 515 NA NA
PET' 152 166 215 220 224 199 177 154 147 159 157 140 NA 2,151 NA
Sikasso:
Rain 1 3 15 45 106 152 253 326 217 84 19 4 1,225 NA NA
PET' 173 177 211 192 185 163 152 142 147 163 164 165 NA 2,003 NA
Tessalit:
Rain 1 0 1 0 2 7 23 55 27 1 1 0 118 NA NA
PET' 114 126 181 205 234 236 237 227 201 173 131 103 NA 2,774 NA
Temperature: Degrees Celsius
Mopti 32 35 38 40 40 38 34 32 32 34 35 31 NA NA 27.8
Sikasso 34 36 38 37 36 33 31 30 31 33 34 33 NA NA 27.2
Tessalit 27 30 34 37 41 43 42 40 40 38 33 26 NA NA 28.6

NA = Not applicable.
' PET = Potential evapotranspiration.
Source: (35).

The growing season in the Sahel lasts from 2-3
months in the north to 4-5 months in the south (66).
Total seasonal precipitation in these areas averages
300-400 mm or less to about 1,400 mm. Coefficients
of variation (CV'’s, the amount of variability around
the mean) in seasonal rainfall totals range from 20 to
40 percent. Temperatures are high year round, with
peaks of 35 °C to 45 °C during the spring and early
summer. These high temperatures, coupled with
high solar radiation, cause potential crop water use
(potential evapotranspiration) to exceed rainfall
much of the time (table 2). Although total rainfall
could be sufficient for crop growth, there is usually
too little moisture available at the right time for opti-
mum plant growth. Poor soil water infiltration and
soil water-holding capacity exacerbates the bad crop
water situation.

Droughts are common in the Sahel but unpredictable
in their occurrence and duration. Figure 2 indicates
that there have been more below-average rainfall
years than above-average years, particularly since the
late 1960’s. Annual rainfall has varied more since
1970 than that of the long-term record. The data also
show that over the long term, annual rainfall has
been highly variable in seasonal amount, but dry
and wet periods seem to persist over multiyear peri-
ods (65). The droughts of 1972-73 and 1982-84 were
part of a long spell of below-average rainfall begin-
ning about 1968 (48).

Demography

Eighty percent of the Sahel’s 38 million inhabitants
are supported by rainfed agriculture. This high de-

gree of dependence on agriculture occurs even
though less than 4 percent of the land is fit for culti-
vation and less than 30 percent of the land is used
for grazing.

Population density varies throughout the region
(table 3), and is highly related to rainfall. Nearly 80
percent of the rural population is concentrated in
the more humid southern third of the region (47).
But, tracts of fertile areas in the south have been to-
tally abandoned for less productive land due to the
prevalence of insect-borne diseases such as river
blindness and sleeping sickness.

Population is growing at a rate of 2.8 percent in the
Sahel, and will double in 25 years. Rapid urbaniza-
tion will put increasing strain on the region’s mar-
keting institutions and infrastructure to cope with
rising urban food demands. Urbanization also ac-
counts for the slower growth in agricultural labor
than in overall population growth.

Several studies indicate that population throughout
the Sahel already exceeds its sustainable “‘carrying
capacity” given traditional technology (101). Carry-
ing capacity refers to the amount of food and feed
that the ecosystem can provide for humans and
animals over a given period without impairing the
long-term productivity or sustainability of the sys-
tem. Carrying capacity will vary as a function of
technology (101). Under existing production technol-
ogy, the Sahel exceeded its sustainable population
5-10 years ago (101). Given current demographic and
agricultural production trends, it is imperative that
the Sahel make the transition to a more productive



Figure 2
Mean normalized rainfall in selected weather stations in the West African Sahel

Mean normalized Number of stations
anomaly’ reporting
3 T T T T T T T T T T T T T T T T T
2 .
T+ Mean nlormalized 5-year moving 7
rainfall average
Annl /

¥

i _L il uuuiﬁ:m‘m

iuv‘

-1}

g L
2k

i Number of weather 140

- stations in record

s 20
-3 | | 1 | 1 | 1 1 1 | 1 0

1900 1910 1920 1930 1940 1950 1960 1970 1980

'The ratio of annual rainfall minus long-term average rainfall to the long-term standard deviation in rainfall. Values for the mean normalized anomalies are seasonal,

May to October, totals.
Source: (30). This figure is adapted with permission of the copyright holders, Butterworth Scientific Ltd (publisher). For use of the chart in this report, ERS added the
graph labels and simplified the footnotes.

Table 3—Population in the Sahel

1984 Urban Expected
pop- population
Country Total Share of ulation growth Projected
pop- Density ’ population in growth, rate, Doubling density,
ulation agriculture 1970-80 1980-2000 time 2000 '
Thousand Number Percent. Years Number
Burkina Faso 6,768 247 79 3.8 2.6 27 333
Chad 4,901 3.8 80 6.5 2.3 35 54
The Gambia 630 55.8 76 5.0 2.8 34 100.0
Mali 7,825 6.3 85 5.5 3.0 25 10.8
Mauritania 1,832 1.8 80 8.6 3.1 24 3.0
Niger 5,940 4.7 85 6.8 3.2 25 7.7
Senegal 6,352 32.4 72 3.3 29 24 50.0
Region 34,248 6.5 80 5.6 2.8 25 10.1

' Persons per square kilometer of area.
Sources: (29, 75, 101, 102).



and sustainable agricultural system if it is to pro-
duce the food and fiber needed for a viable society.

Agricultural Productivity in the Sahel

Economic development and the quality of life in the
Sahel depend on the productivity of the agricultural
sector. Agriculture generates 30-70 percent of GNP
(gross national product) in Sahelian countries, em-
ploys 75-90 percent of the laborforce, and generates
a substantial portion of the region’s foreign
exchange (102). With average annual per-capita in-
come about $300 and a human life expectancy of
about 44 years, the Sahelian countries are among the
poorest of the world.

A critical question is whether the agricultural sector
can generate the output and rural incomes needed to
raise the general standard of living to acceptable lev-
els using traditional technology. This section exam-
ines the implications of current trends affecting food
production, availability, and consumption, and ad-
dresses the potential role of large-scale irrigation
schemes as a means of meeting agricultural
requirements.

Factors Affecting Agricultural Productivity

The current trends in per-capita output, land quality
and productivity, population growth, potential for
expanded cropped area, and dependence on food
imports and aid each affect future agricultural pro-
ductivity in the Sahel.

Declining Per-Capita Food Output The Sahel ap-
pears to be slowly losing the ability to feed itself.
The performance of the Sahelian countries contrasts
markedly with trends in Asia and Latin America,
and is poor even in comparison with other African
countries (fig. 3). Per-capita food production
declined about 1.6 percent per year during 1962-83
(table 4). Food output has varied considerably from
year to year (71). Given projected population growth,
food supplies must increase by 3 percent per year to
maintain the present inadequate levels of per-capita
consumption. Farmers, traders, consumers, and poli-
cymakers face considerable risks and uncertainties
due to the wide fluctuations in annual food
production.

Declining Land Productivity Food crop yields have
declined over the past 20 years because rising popu-
lation pressure has required increased cultivation of
marginal land (54), the length of fallow periods has
been reduced, and rainfall has become more spo-
radic (48). There is considerable variation in this ag-

gregate trend, however, because soil, moisture, mar-
keting, and policy conditions vary widely throughout
the region. Yet, crop yields and production in the
Sahel generally have been very poor for the past 20
years (table 4). Population in the Sahel is growing
faster than either the agricultural laborforce or culti-
vated area (60). These trends suggest that each hect-
are of arable land and proportionately fewer farmers
must support more and more people unless spend-
ing on food imports or food aid increases to take up
the slack.

Table 4—Average annual growth rates in 1962-83:
Cropped area, yield, and per-capita production for
principal crops in the Sahel

Country and Cropped Yield per Per-capita
commodity area hectare ' production
Percent
Sahel region -03 -13 -1.6
Mali:
Maize -1.01 -2.46 -3.47
Rice -.27 .32 .05
Millet .28 -1.96 -1.68
Niger:
Sorghum 4.18 -1.89 2.29
Rice 5.15 -1.38 3.77
Millet 3.51 -1.56 1.95
Senegal:
Rice -1.83 -.50 -2.33
Millet - .85 1.67 .82

' 1 hectare equals 2.47 acres.
Sources: (74, 88).

Figure 3

Per capita food production In Latin America,
Asla, Sub-Saharan Africa, and the Sabhel,
1961-85
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Limited Strategies for Extensive Growth Increases
in food production that have occurred in some coun-
tries over the past several decades have come pri-
marily from expansions in cropped area (table 4).
But, continued reliance on extensive means to in-
crease food production is not a realistic long-term
option for most locations in the Sahel (14). For large
areas of the Sahel, shortrun production increases are
occurring at the expense of longrun soil fertility (54).
Greater population density results in more frequent
cultivation of existing farmland and less time in fal-
low periods (68, 78, 80). However, breakdown in the
traditional fallowing practice accelerates soil degra-
dation. Land pressures will become more severe as
population density increases.

Rising Dependence on Food Imports and Food Aid
Most countries in the Sahel continue to rely on sub-
stantial food imports and food aid, and this depen-
dence may prevent a recovery in Sahelian agricul-
ture. The share of imports in total food availability
has been rising since 1970, reaching over 30 percent
in 1984 (fig. 4). Commercial food imports in Mali,
Niger, and Senegal increased 15, 23, and 11 percent
per year between 1966 and 1983.

Continued and increasing dependence on imports
means dependence on an unstable international
grain market, which may hurt Sahelian countries.
International grain prices have fluctuated signifi-
cantly over the past two decades, pressuring national
deficits and available foreign exchange. Moreover,
while imports and aid help meet needs in the short
run, such relief may be a partial cause, as well as
consequence, of stagnant agriculture because
increasing food aid and imports of preferred grains
(such as wheat and rice) may stifle demand for lo-
cally produced grains.

Figure 4
Food grain supplies In the Sahel, 1966-85
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Desertification Desertification in arid regions re-
fers to a process of land degradation, such as vegeta-
tive decline, water and wind erosion, and saliniza-
tion and waterlogging of soils (21). Soils may also
compact and accumulate toxic substances. Most de-
sertification processes are reversible, but sometimes
the degree of damage may not be reversible or may
be too expensive to correct. Gully erosion, for exam-
ple, usually represents an irreversible loss of soil.
Overgrazing can lead to economically irreversible
degradation because the costs of restoration may ex-
ceed the benefits.

Native plants and animals have adapted to the cli-
matic variation in the Sahel. But every part of the
Sahel has been disturbed to some degree, primarily
from fire, agriculture, and hunting. Fires set by pas-
toralists and hunters have changed the normal distri-
bution of trees, shrubs, and grasses. Fires have in-
creasingly allowed the spread of less hardy annual
grasses, and decreased the amount of trees and
shrubs that are not fire-resistant. Cultivation and
fuelwood cutting have destroyed much vegetation,
thereby increasing water and wind erosion.

Rainfed agriculture has expanded throughout the
Sahel for several decades. Increased population
brought demands for more cropland to feed the
growing numbers of people, and many nomads have
become part-time farmers. With this expansion, crop
production became riskier as cultivation spread into
ever-drier areas and as fallow periods became
shorter. Poor crops and rangelands less able to with-
stand heavy grazing led to greater susceptibility of
the land to water and wind erosion and to a further
decline in productivity. Salinization due to over-
irrigation has affected irrigated land in Senegal, but
the regional extent of this (and also of water-logging)
is not known. Despite the apparent benefits from
water-conservation practices such as terracing, field

ause of those techniques is not common (76).

The Potential for Irrigation

Water is an important limiting factor in semiarid re-
gions. Despite the popular appeal of irrigation to
stimulate agricultural growth, about 2 percent of to-
tal arable land in the Sahel is irrigated (29). Most
analysts concur that large-scale irrigation will gener-
ally remain a costly way of producing food, and will
increase at a slow rate over the next 40 to 50 years
(14, 26, 54, 88).

The history of irrigation in Africa has been marked
with false expectations, cost overruns, and failures
(9, 26). Matlon and Spencer note that . . . ex post



assessments of the economics of large-scale irriga-
tion projects have usually revealed economic losses
or noncompetitive returns” (54). Reasons for such
low performance include high investment costs,
high maintenance costs, difficulties in organizing
farmer irrigation associations (to manage operations
effectively and maintain the structures and equip-
ment), variable flow of major rivers, inappropriate
agronomic packages, inadequate input delivery sys-
tems, and lack of a marketing infrastructure that ac-
commodates more specialized production systems.

Prospects for economically viable irrigation schemes
in the Sahel appear most promising for small-scale,
labor-intensive schemes on the farm (27, 59, 101).
Such small-scale schemes with simple pumps or
manual water-lifting devices avoid high overhead
costs of massive engineering works and management
costs of large-scale irrigation. Incorporating
improved practices into the traditional forms of irri-
gation (such as those using wells, recessional and
flood-plain farming, and swampland farming) may
also have high payoffs. Yet, such small-scale initia-
tives are also subject to management and coordina-
tion problems (71). The success of large and small
irrigation schemes depends on institutional organi-
zation as well as technical viability. Bingen summa-
rizes the irrigation efforts of Mali’s Office du Niger:
“If technical solutions alone could solve the Sahel-
ian food crisis, then this grand irrigation scheme
would now be playing a central role in feeding the
Sahelian people” (10).

Dryland Agriculture

Rapid economic growth depends on improving the
performance of dryland agriculture because it pro-
duces a significant share of the region’s GNP and
employs a large share of the laborforce. Dryland pro-
duction accounts for 97 percent of all area under
cultivation in the Sahel (29). Considering the limited
potential for large-scale irrigation, increased produc-
tivity of dryland agriculture is imperative if the Sa-
hel is to meet food and fiber needs in the medium
and long term. Increased agricultural productivity
can raise cash incomes by promoting surplus pro-
duction and increased market sales. Yield-increasing
technologies may enable family food needs to be
produced with less land and labor, thus freeing these
resources for other income-generating activities such
as cotton production or off-farm employment (28).

But can traditional dryland production techniques
meet the Sahel’s needs over the next several
decades? Most economists are skeptical that a low-
resource approach by itself can achieve these objec-
tives (19, 26, 57, 80, 92). The historical record indi-

cates that low-resource, conservation-model
approaches to agricultural development, focusing on
labor-intensive cropping systems using organic ma-
nures and few purchased inputs, have proven inca-
pable of achieving annual agricultural growth rates
much above 1 percent (92).

However, elements of the conservation model can be
modified to include a greater reliance on purchased
inputs in order to stimulate agricultural growth in a
sustainable way (92). If we define technology to rep-
resent the whole system of cultivation, including fal-
lowing, soil production, and water conservation
methods, then improved conservation practices are
technical inputs contained directly in crop produc-
tion functions. These conservation inputs directly
influence the productivity of conventional inputs
(such as labor, fertilizer, and animal traction). Im-
proved soil fertility and water management are criti-
cally important to enhance and sustain the land’s
longrun productivity.

Significant portions of the Sahel are locked in a vi-
cious cycle of increased cultivation and falling pro-
ductivity. Figure 5 illustrates this dynamic cycle of
declining productivity in dryland agriculture. This
cycle is driven by rapid population growth, slow
technological advance, poor input delivery and sup-
port systems, and questionable government policies.
Breaking the cycle will require introducing appropri-
ate and cost-effective technologies and related land-
and water-management practices that will enhance
and sustain productivity.

Requirements for expanded food supplies create
pressure on land resources which, in turn, breaks
down traditional fallow systems and pushes more
crop area onto marginal land. These changes reduce
soil fertility and, therefore, land productivity. Facing
increasing population densities and declining crop
yields, many countries in the Sahel are under even
greater pressure to further reduce fallow and expand
cultivation. Expanded cropland and increased de-
mand for meat have also put pressure on traditional
livestock production systems (14). The loss of tradi-
tional trading opportunities for nomadic herders has
increased the importance of livestock as a source of
income; hence, herd size has tended to increase.

Both grazing and cropping patterns—the basic pro-
duction system—have, therefore, contributed to de-
clining productivity and increasing desertification in
many parts of the Sahel. Given the difficulty of alter-
ing population growth and the strong interrelation-
ships that exist between population growth, socio-



Figure 5

Dynamics involved in dryland production in the West African Sahel
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economic change, agronomic practices, soil quality,
productivity of dryland farming, and standards of
living in the region, new dryland farming systems
are needed if the situation is to improve.

Technology and Agricultural Productivity
in the Sahel

While new technology and related farm management
practices stimulated agricultural development else-
where (3, 34, 45, 83, 85), new technologies have often
fared poorly in the Sahel. For example, high-yielding
fertilized seeds have dramatically increased food
crop productivity in Asia, Latin America, and in
other parts of Africa, but not in the Sahel. This sec-
tion examines the potential for technological change
in the Sahel and the role of improved soil- and water-
management techniques in this process.

A Sahelian Green Revolution?

The increases in food grain output associated with
the Green Revolution in Asia were based largely on

yield gains from high-yielding crop varieties (HYV’s).
Most HYV’s were effective and profitable only when
combined with water control and fertilization. This
combination created a favorable agronomic environ-
ment for successful introduction of these new crop
varieties. However, water control is largely absent in
the Sahel (82). Sahelian soils are also shallower, have
poorer texture, are prone to greater erosion, and
have lower water-holding capacities than do soils in
Asia (93).

Given the current state of water control and conser-
vation, analysts are reassessing the appropriateness
of the high input-dependent seed/fertilizer technolo-
gies for the Sahel (47, 51, 54). Sahelian farmers have
generally rejected this approach because HYV’s
rarely outperform traditional crop varieties in areas
with low soil fertility and soil moisture (54). In addi-
tion, applying fertilizers in semiarid regions lacking
water control is very risky, with a high probability of
economic loss (62). These technologies do little to
improve soil moisture and maintain soil fertility in
the long run—the most pressing problems in Sahel-
ian agriculture.



Improved Soil- and Water-Management
Technologies

Making more water available and improving soil
conditions are needed to improve the environment
for crop growth and enhance agricultural productiv-
ity in the Sahel (62, 82). Research has focused on a
variety of farm-level technologies in the Sahel aimed
at improving land and water management, soil fertil-
ity, and the returns to scarce factors of production.
The following techniques, all practiced to some ex-
tent in the Sahel, seem to have potential for the dry-
land areas. These emerging technologies enhance
the soil for crop and livestock production and im-
prove general farming practices. Although they can
create the kind of agronomic conditions necessary
for a Sahelian Green Revolution, these approaches
have not been widely adopted by farmers.

Tied Ridges This technique involves first pushing
the soil into ridges and then constructing small dikes
across the furrows, creating a depression where wa-
ter accumulates instead of running off. Crops
planted on the ridges receive greater and longer ac-
cess to water throughout the season.

Tied ridges promote soil fertility and increase yields
by conserving water and limiting erosion. Sanders,
Nagy, and Shapiro reported that tied ridges
increased sorghum yields between 29-71 percent in
recent farm-level trials in Burkina Faso (82). Dugue
(23); Nicou and Charreau (66); and Ohm, Nagy, and
Sawadogo (70) also found consistently higher yields
in tied-ridge fields in various semiarid environ-
ments. Day and Aillery (16) estimated that with
small amounts of fertilizer and good farm manage-
ment, conserving soil moisture could provide two-
fold to fourfold increases in farm income and 60- to
90-percent increases in output. Other water-
conservation techniques include depressions around
the base of plants to capture rainfall, small catch-
ment basins scattered throughout fields, stone or
earth ridges on the contours (diguettes), wider spac-
ing of plants, and planting across the furrows.

Animal Traction Soil tillage in Africa is very labor-
intensive, traditionally performed by hand. Animal
traction (ox and donkey) was introduced in the Sahel
at the beginning of this century, and is used on 10 to
15 percent of cultivated area (18). Animal traction in
the Sahel is primarily used for seeding and weeding
operations and very irregularly for soil tillage, except
in the more humid south, where cotton is grown as
a cash crop (66).

Animal traction generally improves the land by in-
creasing soil porosity, water infiltration, and conser-
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vation of stored water. With this technique, more
area can be cultivated with less labor.

Fertilization Soil fertility declines without chemical
and organic fertilization. Extensive, shifting cultiva-
tion practices have an increasingly limited future in
the Sahel as land pressures increase and fallowing
systems break down (73). The expected shift toward
intensification and continuous cropping will require
cultural practices that restore fertility. While nitro-
gen and phosphate fertilizers can substantially in-
crease yields of all food grains, hybrid varieties re-
spond better to fertilizers than do traditional
varieties (70, 73).

Integrating crop and livestock farming can provide
manure, a way to expand use of organic fertilizers.
Farms in densely settled regions need stables for the
livestock and fodder and feed supplements, which
then require a more intensive crop production sys-
tem. Natural deposits of rock phosphate found in
several locations in the Sahel (Mali, Niger, and
Chad) could provide the needed phosphate, but pro-
cessing improvements are necessary for widespread
commercial viability.

Anti-Erosion Dikes and Bunds Dikes and bunds
are barriers across runoff areas, created with bun-
dles of stalks and branches fixed to the ground with
stakes, or with low walls of rock or rock and earth.
Dikes and bunds increase rainfall infiltration, limit
land degradation from soil erosion, and limit the
loss of manure and organic matter that would other-
wise be washed-off from fields without runoff con-
trol. Wright found statistically significant yield im-
provements on farmer millet and sorghum fields in
Burkina Faso from the use of anti-erosion barriers of
this type (103).

Mulching Mulching consists of leaving crop resi-
dues on the soil surface to limit runoff and erosion,
reduce evaporation, and enrich the soil with organic
matter (66). The benefits of mulching are very sensi-
tive to the volume of residue used on soil surfaces.

Agroforestry and Alley Cropping Planting trees in
crop fields improves soil fertility through the nitrogen-
fixing properties of the trees, provides shade and
protects the soil from the scorching effects of the

sun, provides a source of mulch, reduces erosion,
recycles soil nutrients from the lower soil strata, and
provides a source of firewood and animal forage.

Other potentially promising soil-management tech-
niques include more efficient integration of crop
and livestock production, use of green manuring and
leguminous fodder crops for improving soil fertility,



and use of blue-green algae and other nonlegumi-
nous crops for nitrogen-fixing (54, 103).

Constraints to Technology Diffusion
in the Sahel

If the previously described techniques are viable,
then why are they not widely used throughout the
Sahel? The extent to which a given technology will
be accepted by farmers depends on the characteris-
tics of the technology and its compatibility with the
physical environment, resources of the farming sys-
tem, farmers’ goals and adoption criteria, existing
marketing institutions and rural infrastructure, and
government policies that affect the farm sector (8).

The Physical Environment

Crop and livestock production technologies must be
tailored to the extreme climate and weather condi-
tions and poor soil resources of the region. Because
of the specific soil and water conditions, many areas
of the Sahel are not receptive to some important
technologies. The growing season is short. Precipita-
tion is generally low and always irregular and unpre-
dictable. Temperatures during the growing season
are high, leading to high evaporation and crop water
demands. Rainfall is intense and erosive. The soil
surface often forms a hard crust that is difficult to
break at land-preparation time. Soils also frequently
seal-over following rains, causing increased surface
runoff and decreased infiltration (38, 46). And much
of the arable area in the Sahel is in fragile and low-
fertility soils (82). These physical conditions
constrain the use of tied ridges, animal traction, fer-
tilization, and mulching.

Tied Ridging Tied ridging significantly improved
yields in medium- to high-quality soils. Yet the ef-
fects on the poorer bush soils that constitute a large
portion of cultivated land in the Sahel are less en-
couraging (78). Tied ridging does not appear to be
viable on sandy soils, because the ridges easily wash
or blow away. Upkeep of the ridges in this environ-
ment would require substantially more labor. Nicou
and Charreau suggest that under such conditions, it
is preferable to perform tying later in the season so
the ridges may at least be strong by plant blossom-
ing, a very stress-sensitive period of plant growth
(66). However, one must consider whether construc-
tion of tied ridges provides greater returns to labor
than competing farm or off-farm activities.

Tied ridges increase yield more than simple ridges,
except in lowland areas (66). The need for contour-

ing increases as the slope of the land becomes
steeper. Yet the potential for breakdown makes tied
ridging less viable on slopes greater than 3-4 per-
cent in humid regions (46).

Animal Traction Although 125 animal traction (AT)
projects have been initiated in French-speaking West
Africa since the 1930’s, farmer adoption remains
spotty (18). Many farmers abandon animal traction
after a short period of use. While nonadoption or
abandonment is related to conflicts between AT and
the resources and goals of low-resource farmers (ex-
amined later), there are several technical constraints.

The effectiveness of plowing with animals is limited.
Donkeys, the primary traction animal in many areas,
are not strong enough for intensive land preparation
during the planting period. Oxen are often weakened
by inadequate diets during the dry season. Poor
health and high mortality of draft animals reduce
the capacity of farmers to follow crop production
calendars (that assume maximum animal health and
efficiency) recommended by extension services (97).

Plowing is difficult in some areas until the first ma-
jor rains have softened the soil. However, plowing at
this time causes delays in planting and can thus re-
duce yields (16). Considering the importance of the
timing of planting for the success of the crop, it is
understandable why plowing whole fields with AT
is subordinated to planting in pockets at this critical
period. AT plowing is especially limited where the
rainy season is short and sporadic, and where the
soil does not support production of the higher val-
ued cash crops that may generate the investment
capital needed for profitable AT use. The parts of
the Sahel where AT use is highest—southern Mali
and southwestern Burkina Faso—have longer rainy
seasons and produce cotton as a cash crop.

AT could accelerate soil deterioration and erosion in
the absence of measures that improve soil fertility
(66).

Small family size appears to impede AT use. Six or
more family members appear to be necessary to
profitably use a draft team. A study in Burkina Faso
showed that families using AT were about twice as
large as those not using AT (41).

There appears to be a long learning-curve phenome-
non associated with AT. Training animals to perform
takes time and effort. Jaeger concludes that it takes 3
to 5 years for farmers to master the technology (41).
Farmers who are unable to devote the time and in-
vestment costs to becoming better AT operators and
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managers may achieve only marginally better returns
than with hand tillage and may soon give up (41).

Fertilization Use of chemical fertilizers is rare, aver-
aging 6.4, 1.0, and 4.7 kilograms per hectare of ara-
ble land in Mali, Niger, and Senegal, respectively
(88). Chemical fertilization is risky in semiarid areas
such as the Sahel because it requires adequate water
at the critical stages of plant development to be prof-
itable. Use, therefore, is low, especially on local crop
varieties. But response rates improve dramatically
when fertilizers are used with improved water-
control techniques (63).

High marketing costs also constrain the demand for
fertilizer. Landlocked Sahelian countries without lo-
cal petrochemical industries incur high transporta-
tion costs in order to make fertilizers available to
farmers. Even when economically viable, fertiliza-
tion remains low in many rural areas because of
poorly developed input markets. Weak fertilizer mar-
keting systems also impede the use of other technol-
ogies whose profitability depends on adequate soil
fertility.

Moreover, chemical fertilizer does little to enhance
soil fertility over the long run. More intensive culti-
vation requires complementary applications of or-
ganic matter to sustain an agricultural system.

Mulching Reduced evaporation is a key condition
for increased yields in dry regions. The moisture-
retaining advantages of mulching are directly related
to the volume of mulch put on top of the soil. In the
Sahel, crop residues are the main, and sometimes
the only practical, source of mulching material. If
crop output from the previous season was low, the
quantity of residue may be insufficient to signifi-
cantly benefit the farmer. Inadequate supply is the
major constraint to adopting mulching. There are
many competing demands for crop residue, such as
livestock fodder, fuel, and construction material.

No one particular technology package will likely be
viable throughout the Sahel, because environmental
conditions vary considerably. Agriculture is site-
specific; what works in one location may not work
in another, even in the same country. Soil composi-
tion and fertility, the degree of population pressure
on the land, the amount of rainfall, and the crop mix
vary from area to area.

Farmers’ Goals and Technology Adoption Criteria

The crops grown and the technologies used on
farms depend on farmers’ resources, goals, and deci-
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sion criteria. These factors must be considered to-
gether, because the resources available to farmers
largely determine the goals they strive to fulfill,
which then help establish the basis for many farm-
management decisions (8). A detailed treatment of
the objective functions and decision behavior of sub-
sistence farmers in the Sahel is beyond the scope of
this report [see Dupriez (25) for a more complete
treatment of these issues].

We discuss four factors that weigh heavily in decisions
regarding the adoption of new technologies: farmers’
sequential versus “package” adoption preferences;
farmers’ attitudes toward risk; the availability of, and
economic returns to, scarce labor; and the capital out-
lays required for investment in new practices.

Adoption Preferences Farmers must decide which
technologies to adopt and how to combine them.
The technologies considered above complement each
other. For example, the yield effects of tied ridges
and fertilizer are greater together than is the sum of
measured increases when each technique is applied
alone (61, 78). Clear superiority of any one technique
over traditional practices is not always assured un-
less a combination of two or more new techniques is
adopted.

““Package” adoption, such as combining animal trac-
tion, tied ridges, and chemical fertilization into an
operational package, differs from the typical sequen-
tial adoption patterns followed by subsistence farm-
ers (25, 27). Information about the behavior of sub-
sistence farmers suggests that they are reluctant to
invest simultaneously in innovations with which
they have little experience. Simultaneously mastering
several new techniques requiring substantial changes
in the household’s resource allocation is understand-
ably difficult. Moreover, the learning curve associ-
ated with new adoption shows a rationale to master
one component quickly and benefit from its proper
use rather than making slower progress in attempt-
ing to learn several new methods at once.

AT appears to achieve the greatest returns when
used on high-quality soils. The economic viability of
AT on poorer soils is uncertain. In such cases, the
success of AT to enhance land productivity depends
on related soil- and water-management techniques
(50, 51, 67). For example, tied ridges and fertilization
have significantly increased the productivity of AT
in Burkina Faso (61). Without these complementary
practices, AT in eastern Burkina Faso was profitable
only with a subsidized credit rate and high salvage
value of mature oxen (4).



Manual construction of tied ridges requires much
labor at times that compete with planting and weed-
ing activities (62). Tied ridges seem most economical
when constructed with labor-conserving ridgers
drawn by AT (82).

Fertilizer by itself also appears to be a questionable
technology in many arid regions of the Sahel, since
the risk of losing the cash outlay is significant with-
out more effective water control. On the other hand,
yields from fields prepared with tied ridges without
fertilization are constrained by relatively lower soil
fertility (62). Although tied ridges alone can alleviate
erosion, they cannot combat low soil fertility. Nagy,
Ames, and Ohm concluded from their Burkina Faso
study that “‘only when used in combination do the
two technologies provide a substantial net return
and return per hour of additional labor at a level of
risk of losing the cash outlay that may be acceptable
to farmers”’ (62).

Despite the clear benefits on yields when used to-
gether, the package of tied ridges, fertilization, and
AT has made slow inroads over the years. The simul-
taneous adoption of these techniques constitutes a
major change in traditional Sahelian farming sys-
tems and may be perceived as very risky to Sahelian
farmers. Yet, adopting one technique without an-
other may impede the viability of either.

Risk Reduction Uncertainty connected with farm
output and economic returns pervades farming ev-
erywhere, but the risks associated with uncertainty
are much greater for those living on the edge of sub-
sistence. The major source of uncertainty in Sahel-
ian agriculture is the highly variable and unpredict-
able seasonal rainfall. Other causes are the existence
of a wide range of crop and animal pests, unforesee-
able price fluctuations for farm inputs and outputs,
unreliable input availability, sudden influences of
price-depressing food aid, and government policies
that make farming risky.

Subsistence farmers in a naturally difficult and un-
predictable environment cannot afford to make mis-
takes that may jeopardize their very survival. Uncer-
tainty and the limited reserves held by the majority
of farmers have the effect, therefore, of producing
very strong risk-averse attitudes and behavior pat-
terns. In the face of uncertainty, farmers tend to fol-
low safe, time-tested production and marketing
strategies.

It is difficult for risk-averse, low-resource Sahelian
farmers to adopt a new farming technique. Adopting
new technologies involves consideration of the finan-

cial outlays and also the costs of getting information
about the technique, the costs associated with the
risk of using it, and the psychological costs that
stem from a resistance to change. Even if technically
and economically viable, a new practice may not be
readily adopted until the subjective risk of adoption
decreases as farmers observe the experiences of
early adopters under conditions similar to their
own.

Use of technologies such as chemical fertilizers and
new HYV’s has fared poorly in the Sahel, partly be-
cause the technologies are too risky without assured
soil moisture. Techniques that stress planting single
crops in rows also appear poorly geared to farmers’
risk preferences: traditional intercropping (planting a
crop between the rows of another crop) practices are
better designed to reduce risk of disease and pest
damage (68).

Risk-averse farmers also seem to exhibit: reluctance
to depend on unreliable markets as a primary source
of items for household food consumption (20); large
family size, which helps to ensure an adequate sup-
ply of farm labor; and a preference for local seed
varieties that are adapted to different forms of risk
rather than high-yielding but drought- and disease-
sensitive varieties (97).

New technologies must be compatible with subsis-
tence farmers’ risk-minimizing objectives and food
needs. Techniques that increase average yields or
average net farm income over a series of good and
bad conditions, but also increase their variability
from year to year, are not the kind of change farmers
want. Norman observes that:

The relatively low incomes of farmers seriously
hamper their ability to shoulder much risk. This
implies that adoption of new technology will be
much greater if, in addition to proved increased
profitability, the risk or standard deviation in
returns of the improved technology is the same
or preferably less than traditional technology
(68).

Returns to Labor Rainfall conditions throughout
the Sahel compress almost all dryland crop cultiva-
tion into a very short period, putting great demands
on family labor. Evidence suggests that labor short-
ages at peak periods during the production season
constrain farmers’ ability to make greater use of new
soil- and water-management technologies (27, 63).
Labor shortages occur even in densely populated ar-
eas, such as in Burkina Faso’s Mossi Plateau (78)
and northern Nigeria’s Zaria region (68), where the
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area planted to millet was constrained not by land
but by labor during planting time. Local nonfarm
employment opportunities, increased school atten-
dance, urban and foreign migration of working
adults, and/or cultural customs and activities prevent
farmers from using labor much beyond that available
from the family (51). Roth and Sanders found that in
the highly populated Mossi region of Burkina Faso,
less than 10 percent of agricultural labor worked on
a hired or exchange basis (78).

Some of these factors, however, do not reflect labor
shortages per se. Rather, they indicate the effects of
the low productivity of agricultural labor, which has
induced people to work off the farm. If a technology
increased labor productivity, households might real-
locate labor back to agriculture, thus removing the
labor constraint.

Because productivity is usually measured with re-
spect to the scarcity factor, output per labor hour
may be a more meaningful measure of productivity
than output per hectare in regions with a short sup-
ply of labor (14, 19, 51, 64). In these areas, farmers’
choice of technology may be greatly influenced by
the relative returns to labor in the peak labor-
demand periods (68).

Increased farm-level productivity, therefore, depends
on technologies that are compatible with farm labor
patterns. New technology must either reduce peak
labor bottlenecks by reallocating labor from high de-
mand (expensive) periods to lower demand (cheaper)
periods, or the technology must raise the returns to
agricultural labor so that labor resources shift from
urban to agricultural activities.

Lele (51) reports that urban workers in Africa earn
four to nine times more than rural workers. Consid-
ering the magnitude of estimated urban-rural income
disparities and a generally inelastic labor supply in
agriculture, marginal improvements in farm labor
productivity (caused by either price policy or techno-
logical innovation) cannot be expected to substan-
tially shift labor to farm activities. Therefore, new
technology may be more readily accepted if it can
shift labor demand from peak to slack periods.

Returns to Labor with AT. AT is highly correlated
with large family size, indicating a high labor
requirement for profitable use (41, 20). Although the-
oretically labor-saving, AT may actually raise the de-
mand for labor in peak periods when labor poses
serious constraints. AT reduced labor requirements
on sorghum fields in Burkina Faso by 17 percent in
seedbed preparation, but raised requirements by 10
percent at weeding time compared with traditional
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hoe cultivation (24). Le Moigne and Rotenhan also
conclude that ox-plowing reduces land preparation
time but significantly increases the demand for labor
for weeding (50, 77). The need for more labor occurs
because area expansion that usually accompanies AT
increases weeding requirements. Also, weed growth
per hectare increases in areas where row cropping is
used, because crops must be grown in rows far
enough apart to accommodate oxen (18).

Since the greatest labor bottlenecks usually occur dur-
ing the first weeding, AT may shift labor requirements
to the time in which labor is more constrained, reduc-
ing the returns to labor in peak periods. Development
and adoption of adequate mechanical weeders may
significantly reduce this constraint. AT weeders are
used in several areas (41) and have permitted increased
production of cash crops.

Returns to Labor with Tied Ridges. Tied ridges can
significantly raise crop yields, especially when com-
bined with fertilization. But ridges—which are usu-
ally constructed by hand—are also very labor-
intensive. Although yields are higher when tied
ridges are constructed at planting time, farmers in
Burkina Faso said this activity interferes with their
planting schedules. Farmers expressed a priority for
getting their principal crops (millet and sorghum)
planted as early as possible after the first major
rains (78). The technique nevertheless appears to be
gaining acceptance, especially in low rainfall areas
with available labor, indicating its income-providing
and risk-reducing benefits. Researchers concluded
that tied ridges and fertilization . . . can fit into
the production system of AT farmers . . . but labor
constraints still prevent the technologies from being
adopted on all the hectarage . . . Manual tillage
farmers would adopt the techniques to a lesser ex-
tent than AT farmers” (62). These farmers benefit
most from the labor-saving advantages of recently
developed animal-drawn ridgers.

Returns to Labor with Fertilizers. Fertilization
alone does not appear to greatly increase labor de-
mands. But unless highly subsidized, fertilizing cere-
als may not be economically viable unless used with
tied ridges or other water-control practices. In this
sense, fertilization is also subject to the labor con-
straints of those practices.

Capital Availability Weak financial markets are both
the cause and consequence of low-productivity agri-
cultural techniques. Underdeveloped capital markets
lacking risk-sharing mechanisms contribute to low
agricultural productivity. “Package” adoption may
require cash outlays beyond the means of many low-
resource farmers. Many creditors attempt to mini-



mize risk by lending to farmers that have the greatest
capacity to repay (5). Under the usufructuary sys-
tems that characterize land tenure in the Sahel
(where land is not privately owned but rather tempo-
rarily provided to individuals by a village authority),
small farmers have little collateral. Subsistence farm-
ers represent a particularly high credit risk in areas
prone to frequent droughts and lacking institutional-
ized insurance arrangements. Farmers may not be
able to borrow against a project (even with high re-
turns) in the future if creditors have no protection or
recourse; as a result, missed opportunities abound
(86). The situation generates a gridlock in which
creditors are reluctant to lend to farmers with little
collateral; and these farmers build up little equity
and collateral because they lack access to credit.

Low agricultural productivity also produces weak
capital markets. A technologically stagnant agricul-
ture, unable to generate a surplus, clearly affects the
level of profits and the supply of capital in rural ar-
eas (33, 57). Farmers without access to productivity-
increasing technology and with limited access to
markets will less fully enter into the cash economy
and thus will not participate in the development of
rural capital markets.

The Marketing System

Farm production and marketing improvements affect
each other (1). The profitability of new farm technol-
ogy often hinges on the organization of the market-
ing system, because the rates of return on invest-
ment in new technology depend on input and output
prices determined directly in the marketing system.

The mechanisms of exchange between farmers,
wholesalers, and retailers affect the feasibility of
technologies. At pre-planting time, for example, the
profitability of using commercial inputs depends on
the probability of timely delivery, the level of input
and output prices throughout the marketing year, the
degree of predictability associated with future input
and output prices later in the season, and access to
credit.

Government marketing boards have received mixed
reviews over the past decade regarding their ability
to stimulate input use among farmers. The most
common criticisms include:

e Low producer prices that inhibit production
incentives and investments.

e Under-investment in physical infrastructure,
such as feeder roads and communications, that

could improve market access and reduce per-
unit transportation costs.

¢ Inadequate and late delivery of input supplies,
especially of fertilizer.

¢ Subsidies on government-distributed inputs,
which impede the emergence of private input
traders.

It would be grossly inaccurate, however, to conclude
that replacing government marketing institutions
with private open-market trading would solve the
marketing problems in the Sahel. Uncertainty, high
transaction costs, and opportunistic behavior per-
vade traditional African markets. Substantial public
support may be required to create a well-functioning
private trade (86, 93). Shultz’s “efficient but poor”
description can be applied to the marketing system
to illustrate that while the private sector operates
fairly efficiently given the normal constraints
present in African economies, its longrun perform-
ance is clearly not desirable or optimal (85).

It should be stressed that technology adoption de-
pends not just on input markets. Volatile and unpre-
dictable price swings common in Sahelian commod-
ity markets send confusing signals to producers and
increase the risks of investing in food production for
the market. If grain production is an unreliable
source of income, few surpluses are produced or
marketed. This reduces private sector trading in the
area, which in turn reduces the availability of new
technology. Without more stable and reliable mar-
kets, investments in new productive technologies
may be impeded (44, 68, 87).

Economic Policies

Economic policies can stimulate or stunt farm-level
incentives to adopt new technology (84, 96). Tim-
mer’s study on rice milling in Indonesia demon-
strates that exchange rates, wage rates, price policy,
interest rates, and trade policies strongly affect
choice and adoption of particular techniques (94).

Minimum Wage Rates Minimum urban wages con-
tribute to the skewed urban-rural income disparities
found throughout Africa by drawing labor out of the
rural sector. Because labor is a scarce and often lim-
iting factor in Sahelian agriculture, slack or unpro-
ductive labor in the urban sector is a serious misal-
location of resources. Inflated urban wages also
contribute to an inelastic supply of agricultural la-
bor, because marginal increases in returns to farm
labor will not significantly reduce the incentive to
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remain in urban employment. Urban-rural wage rate
disparities, therefore, may strongly limit adoption of
even moderately income-enhancing, but labor-
intensive, techniques such as tied ridges.

Food Aid and Food Imports For a variety of rea-
sons, many African governments attempt to maintain
low urban retail grain prices (6, 37). Imports and
food aid help achieve this objective. However, with-
out an effective targeting mechanism, consumers of
all income classes are subsidized. Injections of for-
eign grain may depress domestic prices, depending
on the size and strength of the domestic market (31,
55). Theoretically, the risks and costs of grain storage
should also rise, because unpredicted increases in
market volume alter price movements within each
season.

Imports and food aid constitute large shares of avail-
able food for at least three Sahelian countries for
which relevant data are available (table 5). Mali, Ni-
ger, and Senegal show rapidly rising dependence on

Table 5—Declining food self-sufficiency in the Sahel,
1966-83

Item Mali Niger Senegal
1,000 tons
Commercial food imports:
1966--68 14.0 8.3 234.7
1971-73 47.7 13.3 270.7
1981-83 95.0 29.3 427.3
Percent
Annual growth rate, 1966-83 15.3 22.8' 10.8
Ratio of cereal imports
to cereal production:
1966-68 1 1 33
1981-83 9 7 55
1,000 tons
Food aid:
1966-83 0 0 31.6
1971-73 50.4 19.1 30.1
1981-83 54.5 30.3 93.2
Percent
Dependence on food aid: 2
1966-68 0 0 5.1
1971-73 5.9 3.0 4.6
1981-83 6.1 3.0 9.1
Food aid’s share of total
marketings: 2
1966-83 14.5 141 32.8
1981-83 17.7 109 44.9

' 1966-80 only.

2 A 3-year moving average of the percentage of food available
(the sum of production, net imports, food aid, and change in
ending stocks) accounted for by food aid.

3 Proxy estimate: food aid as a share of 25 percent of domestic
production.

Source: (88).
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imported food. Food aid accounted for 9 percent of
total food availability in Senegal during 1981-83. Yet
these data underestimate the effect of food aid on
domestic prices. Where a large portion of produc-
tion is consumed by households, prices are deter-
mined by marketed supplies, not total availability.
Analysts generally agree that throughout Africa,
smallholder marketings rarely exceed 25 percent of
their production, and are usually much less (12, 15).
Table 5 provides a rough estimate of food aid’s share
of total marketings for these Sahelian countries.
Small changes in supply caused by imports or food
aid may greatly affect producer prices and cash in-
comes since demand elasticities for staple grains are
generally quite low in most developing countries.

These policies very likely will increase the longrun
disparity between rural and urban living standards,
accelerate urban migration, raise budget deficits,
and depress agricultural incentives for technology
adoption. Imports and food aid may serve important
short-term needs. But without the stimulus of tech-
nologies to increase agricultural incentives and pro-
duction, increasing reliance on food imports may be
a cause as well as a result of a stagnant agriculture.

Exchange Rates and Inflation Agricultural imports
are relatively cheap if a country’s exchange rate is
overvalued. Although helping urban consumers,
overvaluation serves as an implicit tax on agriculture
by depressing commodity prices below what would
prevail if exchange rates were market-determined.

Macro (general economic) policies that depress agricul-
tural incentives tend to depress land values, which, in
turn, reduce the present value of land-augmenting in-
vestments that would protect and raise land productiv-
ity (90). Overvalued exchange rates also widen rural-
urban income disparities, thus producing the same
effect on agricultural labor supply as inflated urban
wages. Overvaluation does, however, reduce the cost of
imported fertilizer, and would probably make its use
more cost-effective to farmers.

Inflation and exchange rates are considered together
here because inflation can bring fixed exchange rates
out of equilibrium. If domestic inflation is rising
faster than world rates, which appears to be the case
for much of the Sahel (table 6), demand for relatively
lower priced imports will increase while foreign de-
mand for the Sahel’s export crops will decline, un-
less local currencies are devalued by a commensu-
rate amount. Without such adjustments, the effects
of high inflation cannot promote agricultural pro-
ductivity, especially in the long run (96).



Table 6—Annual inflation, selected countries, 1973-84

Average annual rate of inflation,

Country 1973-84
Chad N/A
Mali 10.4
Burkina Faso 10.6
The Gambia N/A
Senegal 9.0
Mauritania 77
Niger 11.5

Average for the Sahel 9.84
Average for industrialized countries 7.90
Differential 1.94

N/A = Not available.
Source: (102).

Conditions Necessary for Technology
Diffusion

The conditions necessary for widespread diffusion
of new technologies and farm management practices
must be promoted if the agricultural sector is to be-
come more productive. These conditions may be
grouped into two categories: those involving soil-
and water-management techniques that improve ba-
sic practices and exhibit characteristics that farmers
want, and those involving the general institutional
and economic policy framework that affects the
whole farm sector.

Characteristics of Improved Technologies

To be interested in new innovations, traditional Sa-
helian farmers must feel that the techniques are
compatible with the resources and goals of the
household. Given the existing farming system as the
starting point for change, new technologies must
have specific characteristics.

New Technologies Must Improve the Agronomic
Environment Techniques must address the basic
need to enhance soil fertility and water retention,
thus creating an agronomic environment with high
potential gains from introducing HYV’s. New tech-
nologies must also promote a sustainable production
system, compatible with more intensive land use
that is inevitable given the rapid population growth
of the Sahel.

Pieri contends that a relatively intensive, land-
augmenting system with high yields is the only pro-
duction system in the Sahel that can sustain the pro-
ductivity of the soil and provide adequate financial
returns (73). Studies on fertility trends by Siband (89)
and by Morel and Quantin (58) suggest that organic

and chemical fertilization, cereal-legume crop rota-
tions, subsoil tillage, and water conservation are de-
sirable and indispensible features of a sustainable
agricultural system in the Sahel.

New Technologies Must Stabilize Farm Returns
Most subsistence households do not have the desire
or ability to assume much risk. Therefore, technolo-
gies must reduce risk by minimizing losses from low
rainfall while performing as well as, or better than,
traditional practices during good seasons if the tech-
nologies are to be viable alternatives.

New Technologies Must be Affordable Most Sahel-
ian producers are low-resource farmers who use few
inputs. Financial assets and cash savings are usually
low, and terms of borrowing generally reflect the
high risk and transaction costs associated with un-
derdeveloped rural capital markets. Farm cash-flows
and incomes are highly variable because surplus
marketings depend on the weather. New technolo-
gies will be used in cereal cultivation only if the cost
is low because of the relatively low economic return
to most of the principal cereal crops. Expensive
technology such as AT may be viable if cultivation of
higher valued cash crops provides a source of invest-
ment capital. Risk-averse farmers want to minimize
the magnitude of the potential loss of cash outlays,
suggesting that (other factors being equal) low-cost
technologies stand a better chance of adoption than
high-cost technologies.

New Technologies Must Relieve Seasonal Labor
Constraints Seasonal labor shortages constrain pro-
ductivity in many areas of the Sahel. These short-
ages impede adoption of soil and water technologies
that require much labor. New techniques must re-
duce labor requirements or shift the use of labor
from peak periods to slack periods.

Farmers may need to combine operations to profit-
ably use AT (51, 63). For example, there appears to
be a high demand for animal-powered multicultiva-
tors that would permit farmers to perform several
functions with the same basic set of equipment.
Jaeger and Sanders report that multiple use of AT
implements (weeders, ploughs, and ridgers) is cru-
cial for overcoming seasonal labor problems and en-
hancing profitability (42). Combining AT operations
can also spread the capital costs of equipment over
several activities, produce higher yields, enhance
longrun fertility and productivity of the land, and
create multiplier effects between the agricultural sec-
tor and the small industry sector. The small industry
sector would become more active due to increased
demand for the services of local blacksmiths, crafts-
people, and manufacturers.
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The use of herbicides may also boost labor produc-
tivity in peak periods, since labor constraints are
often seen to be most critical during weeding peri-
ods (68). The success of this practice is very sensitive
to the efficiency of the marketing system through
which such herbicides are distributed.

Faster maturing seed varieties may also reduce sea-
sonal labor constraints, especially during harvest
periods (40). For example, by planting faster matur-
ing maize with slower maturing millet or sorghum,
labor demands can be staggered to reduce peak pe-
riod bottlenecks.

New Technologies Must Apply to Food Crop Pro-
duction Small, risk-averse farm households will
generally devote most of their land to food crops to
feed the family because rural food markets are unre-
liable and have highly volatile prices. New technolo-
gies will be more widely used if they apply to the
dominant staple food crops such as millet, sorghum,
and maize, which account for about 90 percent of all
cultivated area in the Sahel (87). This is especially
true in the regions of the Sahel where climate or
lack of marketing infrastructure prohibits significant
cash crop production. Constraints to food produc-
tion can be alleviated in areas where cash crop culti-
vation facilitates adoption of new soil- and water-
management techniques (92).

Institutional and Policy Conditions

The question of technology adoption cannot be ad-
dressed apart from critical institutional and policy
considerations that affect the decisions of rural
farmers. More productive, sustainable soil and water
technologies as well as conducive legal, marketing,
financial, and general policy environments are com-
plementary inputs in agricultural production. With-
out soil and water technologies, yields and produc-
tivity in the Sahel will decline over time. Without
viable institutional policies, incentives to adopt oth-
erwise viable technology may not exist.

Land Tenure Emerging evidence indicates a strong
relationship among increasing population pressure,
soil degradation, and declining labor productivity
with traditional technology (74). Traditional land-use
patterns based on shifting cultivation and long fal-
low periods have been feasible in the past with
lower population densities. But, population growth
and resulting land pressures are making traditional
practices infeasible, especially in semiarid or arid
regions with poorer, shallow types of soils found in
much of the Sahel (71, 97). The capacity for agricul-
tural production throughout the Sahel in the
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medium to long term will be reduced if soil loss is
allowed to continue at current rates (90, 98).

Greater incentives for farmers to invest in land-
conserving and land-augmenting techniques and
practices need to be developed and put in place.
Southgate, Hitzhusen, and MacGregor consider that
changing property laws in developing countries
could promote resource conservation and technology
change in agriculture (90). Incentives to conserve the
soil are relatively weak in usufructuary property
right systems. For example, a farmer who perceives
that it is possible to lose long-term access to a partic-
ular plot of land is less willing to incur the shortrun
costs to enhance the future productivity of that plot.
By foregoing cultivation to restore soil fertility, the
farmer may lose access to the land as well as the in-
come from not farming it.

Additional research on the relationships between
land tenure and land use may provide a better un-
derstanding of how to stimulate adoption of agricul-
tural technology. The Office of Technology Assess-
ment concluded:

Reforms in land tenure and other legal and in-
formal systems determining access to and con-
trol of natural resources are policy questions
needing better analysis. A major constraint to
effective analysis of the impact of land tenure
and resource access is the lack of knowledge of
the traditional rules and customs that are often
more influential in determining use patterns
than formal laws. Evidence of rapid changes
and of disruption in what may have been the
environmental balance in these traditional sys-
tems as the result of drought, the growth of the
market economy, the introduction of new public
domain laws, and increased population pres-
sures underline the urgency of these aspects of
policy (71).

Private and Social Returns to Investment Because
poor people living at subsistence levels have high
current cash needs, they may be reluctant to make
investments with only longrun benefits. However,
such investments may be very important for the long-
run productivity of agriculture in the Sahel.

Investment in new technology benefits society if the
economic rate of return exceeds the social time pref-
erence rate (the rate that expresses the preference of
society as a whole for present returns rather than
future returns) (32). But investments in soil and wa-
ter conservation are attractive to farmers only when
the rate of return on the investment is higher than



the farmer’s time preference rate. However, the time
preference rates of poor people living at subsistence
levels appear to be higher than typically estimated
social time preference rates, because the immediate
needs of the poor are usually very pressing (90).
Therefore, investments with mainly longrun payoffs
may be socially attractive, but would not be viable to
an individual farmer. That is, a high time preference
rate reflects immediate cash needs, while a low rate
reflects a greater willingness to make investments
with longer run payoffs. This would result in an un-
derinvestment of new technologies. For example,
numerous studies indicate that AT requires at least 6
to 8 years to achieve full economic benefits, suggest-
ing negative net benefits during the early years of
adoption (54). Even though such investments may be
socially worthwhile as measured by internal
economic returns, the investments may be unattrac-
tive to subsistence farmers with high current cash
needs. In such situations, social welfare may be in-
creased by driving private time preference rates
down through credit or subsidy arrangements to en-
courage land-augmenting investments with primarily
longrun payoffs.

Soil conservation efforts may require individual
farmers to forego short-term gains (such as fallowing
land to which the farmer has usufructuary rights
that could otherwise have been farmed for immedi-
ate gain). Because a broad cross-section of society
benefits from the conservation methods, especially
in the long run, it is questionable whether the
farmer should absorb all the costs associated with

the needed remedial measures. For example, the U.S.

Government has spent over $15 billion to finance a
range of subsidized domestic conservation programs
since the 1930’s (72). The ability of local govern-
ments to finance broad conservation schemes is ex-
tremely limited in the Sahel. Nevertheless, private
incentives to invest in conservation practices having
longrun social benefits are crucial and need to be
strengthened.

Credit Credit availability and the performance of
rural financial markets influence the adoption of
technologies requiring high cash outlays. Sahelian
farmers frequently attribute failure to adopt new
technology to a lack of affordable credit (25, 63, 60).
We must determine whether this common response
reflects a true credit constraint or simply a lack of
economically viable technology.

Use of new technologies generally requires a cash
outlay, making farmers more vulnerable to price
swings (57) and to cash shortages. But many farmers
have their own ways of raising capital when it is

needed (7, 11). Credit policy should recognize the
potential for farmers to finance their own technolog-
ical change (57). A major issue is whether these in-
formal capital markets are relatively efficient or
whether transaction costs, high risk premiums, and
other costs of borrowing borne by farmers impede
or prohibit adoption of new productive technologies
where they might otherwise be used in a more favor-
able credit environment. Problems of implementa-
tion have plagued credit programs throughout the
developing world (5). The transactions cost of receiv-
ing credit, disbursed to individual farmers in small
amounts and through frequent transactions, often
amounts to as much as 60 to 100 percent of the
credit advanced (33).

Poor credit availability may be both a cause and a
consequence of low agricultural productivity, result-
ing in a low-input, low-productivity farm sector.
High risk of crop failure—and thus nonrepayment of
credit—in the Sahel invariably increases interest
rates. Low cash resources (caused by poor agronomic
conditions that permit production of mainly low-
value coarse grains) inhibit the savings necessary to
self-finance investment in new technology. Farmers
in such an environment cannot contribute much to
the growth of local capital markets. This balance of
low-input, low-productivity farming reflects the rela-
tionship between poor agronomic conditions, low
incentives to adopt new technology, constrained ru-
ral capital markets, and agricultural stagnation.

Given the longrun need for increased land conserva-
tion by dryland farmers, it is necessary to know
where the most serious land degradation problems
occur and how much farmers must be compensated
before they will adopt improved soil-management
practices. The political process can then determine
where and how much scarce government credit
should be allocated to enhance social welfare
through more rapid farm technology transfer in dry-
land areas.

Coarse Grain Demand and Technology Transfer
The potential for increased technology adoption can-
not be fully considered apart from commodity de-
mand. Although millet and sorghum constitute the
bulk of dryland cultivation, the importance of these
grains in Sahelian diets is falling due to rapidly in-
creasing rice and wheat imports (87). Urbanization
is largely responsible for this consumption shift, be-
cause rice is easier and quicker to prepare and re-
quires less cooking fuel, which are particularly im-
portant issues in urban areas (17). Depressed
demand for domestic crops invariably reduces farm
prices, net returns to surplus production, and the
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economic payoff to new technology. Soil and water
technologies that require cash outlays will likely
yield low economic returns and suffer low adoption
rates in this kind of environment.

Strategies are needed to increase the demand for do-
mestic cereals. Raising that demand would raise

farm prices and the incentive to invest in productivity-
increasing technology. For example, improved proc-
essing techniques that reduce cooking time and cost
and appeal more to urban tastes may increase urban
demand for sorghum and millet. Methods to process
millet to taste similar to rice can do the same (71).
Reduced consumer subsidies on imported grains
would also improve the demand for local cereals.

Improved Seed An improved agronomic environ-
ment can create considerably greater potential for
the successful introduction of new HYV’s. Sanders,
Nagy, and Shapiro stress that crop breeding must
follow and be geared to an improved agronomic en-
vironment (82).

But we must realistically evaluate the potential for
current soil- and water-management techniques to
transform the agronomic environment. Use of tied
ridges, diking and contouring, fertilization, animal
traction, mulching, and windbreaks can conserve the
resource base, can increase and stabilize crop pro-
duction, and can be adopted given existing local re-
sources (except for fertilization). However, these
techniques cannot ensure a harvest in a low-rainfall
year. For example, tied ridges cannot improve infil-
tration for the benefit of crops if the rains do not
come at critical periods. Fertilization cannot comple-
ment high-yielding, input-dependent seed varieties if
the input delivery system to rural areas is erratic or
ineffective. HYV’s must be successful within the
present context of sporadic input availability, poor
market infrastructure, limited farm-level capital, and
low and erratic rainfall.

New seed varieties should be capable of outperform-
ing traditional varieties at low levels of management
and fertilization, reflecting the current low-input ori-
entation in the Sahel (fig. 6). The poor record of
HYV adoption in the region has been traced to ex-
cessive emphasis on input-dependent varieties that
provide high yields under controlled research-station
conditions, which bear little resemblance to typical
subsistence farm conditions (54). The dramatic HYV-
driven yield increases of the Green Revolution in
Asia may not be expected in the Sahel unless agro-
nomic and input-marketing constraints are allevi-
ated. Several international centers have re-oriented

20

Figure 6

Desired seed characteristics for Sahelian
agricultural systems
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X
Input/management levels

X = Input/management levels required for dominance of many current improved
varieties.

A = Input/management level at which yield of traditional variety and new variety
are equal.

B. C. D = Input/management levels used by most subsistence households.
Source: (61).

their breeding strategies (as shown in fig. 6) to com-
bat these constraints.

Because of the Sahel’s harsh rainfall and soil condi-
tions, breeding strategies must improve drought
tolerance, seedling vigor, and disease resistance.
Varieties with shorter crop cycles or modified plant
structures may also hold considerable promise for
the Sahel. Improvements in seed varieties should
require less from, and depend less on, a country’s
input distribution system or extension capabilities in
order to raise farm productivity and income. By fol-
lowing these breeding strategies in the short run,
new crop improvements will be more robust to the
unavoidably difficult growing conditions in the
region.

Extension The pace of acceptance influences the
rate of growth in production that an innovation pro-
vides. An innovation that doubles production pro-
vides only a 3-percent growth rate if diffusion oc-
curs evenly over a period of 25 years (57). Yet, if
accepted by all farmers in 8 years, the innovation
raises production 10 percent. Extension services
must vigorously promote new technology adoption if
the technology is to have a meaningful impact.

Although a given technology may be economically
viable under certain conditions replicable on pro-
ducers’ fields, the farmer’s subjective evaluation of
its profitability and risk are the critical determinants
of adoption. A well-trained extension service can
help bridge the gap between the widely differing ob-
jective and subjective evaluations {68).

Moreover, much new agricultural technology is location-
specific, which potentially allows large pockets of the



region to be bypassed by the diffusion process. Local
research and extension resources can help merge
new technologies and local farming practices. Adapt-
ing general agricultural techniques to particular
farming environments is a major responsibility of
local research and extension (71).

Marketing and Policy Considerations The level and
reliability of input and output prices influence adop-
tion of new technology (36). Risk and uncertainty
heighten the potential for inefficient resource alloca-
tion and the potential for a loss of output from a
given bundle of resources.

Institutions and policies designed to reduce price
uncertainty and volatility, without draining the na-
tional budget, can spread adoption of new technolo-
gies. More research on small-farm and trader
responses to price risk is needed to evaluate the dy-
namic costs and benefits of these strategies.

A reliable input delivery system is needed to increase
technology adoption. For example, successful AT re-
quires reliable veterinary supplies, medicine, and
equipment. Some success has been noted with verti-
cally integrated crop marketing organizations that
have actively promoted the adoption of AT through
comprehensive support of input needs and reliable
market access for surplus production (54).

Many Sahelian countries have emphasized food self-
sufficiency in their national development plans (14).
Achieving this objective may depend not only on via-
ble technology, but also on carefully guided policies,
some of which may be politically unpopular. For ex-
ample, in the absence of labor-saving technologies,
labor shortages may be mitigated somewhat by re-
ducing the gap between rural and urban incomes. If
this is done by raising agricultural prices, govern-
ments may incur sizable operating deficits unless
urban retail prices increase. If it is done by lowering
urban wages or real incomes, urban interests can
affect political stability, and often have (6).

Wage rate, interest rate, trade, and food aid policies
are powerful tools for influencing incentives in agri-
culture. Efforts to promote the adoption of viable
technology must include a conducive economic envi-
ronment for success (96).

Conclusions

Rainfed agriculture supports 80 percent of the Sa-
hel’s 38 million inhabitants. The high population
growth rate, averaging 2.8 percent per year, means

that total population in the region will double in 25
years. This population growth rate, coupled with
lower per-capita food production since 1970 (primar-
ily due to declining yields), has increased the depen-
dence on food imports and food aid throughout the
Sahel. The food situation and the land degradation
and desertification problems will probably worsen
over time. These problems are caused in part by cul-
tivation practices incompatible with high population
densities and more intensive land use.

Because of the limits of large-scale irrigation in the
Sahel, productivity in the vast rainfed areas must
increase if food production, income, and standards
of living are to rise. Improved onfarm soil and water
management alone can stimulate agricultural pro-
ductivity. Better resource management may be of
even greater importance in expanding the potential
for the successful introduction of new HYV’s that
require a more fertile agronomic environment.

Adoption of soil- and water-management techniques
in the Sahel is highly influenced by the natural envi-
ronment; farmers’ resources, goals, and adoption
criteria; and the institutional and economic setting
in which crops and livestock are produced. These
conditions can seriously constrain or prevent the
widespread diffusion of new technology.

The environmental constraints to developing appro-
priate technology have been underemphasized in
recent agricultural policy forums. Some development
specialists argue that agricultural growth is mainly a
matter of getting the “‘right” set of prices; that is,
prices that create incentives for farmers to operate
more efficiently. While farmers will produce more
efficiently with better prices, farmers will do so only
with the existing production resources.

A new production function based on technology that
is fully integrated with proven traditional methods
and the cultural setting is needed along with appro-
priate price signals. Without land and water conser-
vation, price incentives may simply intensify current
cultivation practices and continue to encourage the
degradation of land at the expense of longrun sus-
tainable agriculture.

The relationship between new technologies,
improved farm management, and the physical and
socioeconomic environment in which they operate is
complex. The environment sometimes prohibits the
use of some production practices, such as tied ridges
on sandy soils. But sometimes technologies such as
mulching can modify the environment. Technologies
may be compatible with certain environmental as-
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pects, but not others. For instance, tied ridges may
be technically feasible on heavier soils but beyond
farmers’ means because of availability or timing of
required labor. Because of the variation in soils, cli-
mate, infrastructure, and policies in the Sahel, it is
difficult to identify technological innovations that
are viable options without information about spe-
cific situations. However, the following are some
general guidelines that may be helpful.

Technology in the Sahel needs to improve soil fertil-

ity and increase soil moisture. Without improved fer-
tility and better means of capturing and storing wa-

ter for plant use, crop and livestock production will

not significantly increase.

Farm returns need to be stabilized. More stable agri-
cultural returns will enhance investment incentives.
Viable technologies must minimize losses resulting
from low rainfall while equaling or outperforming
traditional practices during average or normal
seasons.

New technologies should apply to staple grain crops,
which account for 90 percent of cultivated area in
the Sahel, if they are to affect overall agricultural
productivity and rural diets. This is especially im-
perative where climate and/or marketing infrastruc-
ture prohibit cash crop production. Risk-averse farm-
ers will devote most resources to meet family food
needs when rural food markets are unreliable.

New technologies must be affordable to the low-
resource, capital-limited Sahelian farmers.

New technologies and/or management practices will
be more readily adopted if they reduce farm labor
requirements or shift labor from peak to slack peri-
ods. Labor shortages are likely to arise at certain
stages of the crop production cycle, such as tilling,
planting, and weeding stages.

Farmers’ incentives to adopt new technologies also
depend on institutions and policy conditions. More
secure land tenure arrangements will create an in-
centive for farmers to invest in land-conserving tech-
niques and practices.

Improved access to production credit with low trans-
action costs is also needed. The terms of credit
should reflect the fact that much of the returns to
land- and water-conserving practices accrue over a
long time.

Credit arrangements and/or other means of assisting
farmers to make necessary capital improvements
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should be designed so that society shares some por-
tion of the cost with farmers. Some of the long-term
benefits of resource conservation will also be en-
joyed by society.

Demand for domestic food and fiber commodities
needs to be stimulated, or else there will be little
economic incentive to produce them for the market.

A reliable input delivery and support system is
needed to increase technology adoption. Extension
systems must be strengthened to increase farmer
knowledge and understanding of new technological
options.

Successful efforts to promote the adoption of viable
technology must include a conducive general policy
environment. Wage rate, interest rate, trade, and
food aid policies are powerful tools for influencing
incentives in agriculture.

Further increases in population density will soon push
the returns per hectare with traditional rainfed tech-
nology to an upper limit. Substantially increasing this
return depends on improved yields, which, in turn,
depend on labor-saving and risk-reducing soil- and
water-management practices. The resulting improved
agronomic environment will also be important for the
introduction of high-yielding crop varieties. Better re-
source management must receive greater attention in
the Sahel’s efforts to align food production growth
with rapidly expanding population.
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